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The  h i g h  c o s t  of d r i l l i n g  and comple t . l n~yeo the rma1  abiit  - we1l.s i s  
an impediment t o  t h e  development o f  geothermal- energy r e sources .  
Techno 10 g i c a 1 d e f i c i en c i. e s i 11 r o t a r y d r i 1.1 1’. ng t e c h n  i ci u e s are 
evidenced when d r i l - l i n g  yeothermal w e l l s .  
Geothermal Energy ( D G E )  tkle U. S .  Department of Energy has 
i n i t i a t e d  a prograln alrnec” 7: t developing new d r i l l i n g  and 
completion techniques ‘far geothermal wells. 
program a r e  t o  reduce well costs b y  2 5 %  by 1 9 8 2  and by 50% by 
1986. 
technology devel.opment program , and t h i s  paper p re sen t s  a n  
overview of t h e  program. Program j u s t i f i c a t i o n  which r e l a t e s  
w e l l  c o s t  to busbar energy c o s t  and t o  DGE power-on-line goa l s  
is presented.  
rotary d r j . l I . i n q  techniques a r e  used f o r  geotherr . .a l  i.;z.lls a . re  
d i scussed .  
describec?. 

The Divis ion of 

The goa l s  of this 

San6j.a Labora tor ies  has been s e l e c t e d  to manage t h i s  

Technolocjical def i c i c n c i e s  encountered when c u r r e n t  

A prcjgrarn for cor rec t ing  these d e f i c i e n c i e s  i s  

I n t r o d u c t i. on ~. 

T h e  Diwisior, of Geothermal- Energy  ( D G E )  of t h e  U .  S. Department 
of Energy ( D O E )  h a s  es tabl- ished geothermal power-on-line goa1.s 
of 3,  0 0 0  
National Geotheriiial Energy Program. Achievement of t h e s e  goa l s  
w i l l  he p o s s i b l e  only i f  geothermal. energy competes on a 
favorable  economic b a s i s  w i t h  e n e r g y  from conventj-onal sources  I 

e. y. , fossil and ri~ic!.ec?r. T h e  c o s t  o f  d r i , l l - i n g  an6 compl.et.ii?g 
geothermal. wel l s  accounts  f o r  a s i g n i f i c a n t  portiorl  of the cost- 
of geothermally prcduced power. A t  the p r e s e n t  t ime,  the c o s t  
per foot of  geothernial we l l s  is abou-t two to four t imes t h a t  of 
coii~e11tioiiaI. o i l  and gas lqe11~2-4 

m u s t  be reduced i-f- DGE power-on-line g o a l s  a r e  t o  be met. 

by- 1985 and 2 0 ,  000 1 W e  by the l7ear 2000l f o r  t h e  

( s e e  ITicjure 1) , and these c o s k s  

--.. 

Reductions i n  well c o s t  wi-1.1. r e su l t  i n  reduced busbar energy 
c o s t  f o r  g e o ~ ~ ~ e r r n ~ ~ ~ ~ y - ~ ~ r o ~ u c e d  e l e c t r i c i t y .  T h i s  w i l l ,  i n  turn I 

j.inpi:ove the r e l a t i v e  t?cono~nj.c pos i t i on  of geothermal power i n  
t he  market:-pl.acc and wi1.1. ’ l e n d  t o  s u b s t i t u t i o n  of geothermal 
poi\.c..r f o r  coi~~,icntio;;al pot;ex. For .cr;.aj;.,ple , Blooinstcr ’ has 
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e s t i m a t e d  t h a t  a 6 %  r e d u c t i o n  i n  g e o t h e r m a l  b u s b a r  e n e r g y  cos t  
would 1.eaci t o  a 1 3 8  i n c r e a s e  i n  g e o t h e r m a l  p o w e r - o n - l i n e ,  and  
t h a t  r e d u c t i o n s  of 1 0  t o  35% i n  b u s b a r  c o s t  would  e f f e c t i v e l y  
d o u b l e  t h e  amount of: g e o t h e r m a l  e n e r g y  t h a t  i s  e c o n o m i c a l l y  
a t t r a c t i v e  b e c a u s e  l a r g e ,  lower tempera . tu . re  r e s e r v e s  become 
c o m p e t i t i v e .  T h e r e f o r e ,  the c r i t i c a l  q u e s t i o n s  c o n c e r n i n g  
g c o t h e r i n a l  d r i l l i n g  and c o m p l e t i o n  t e c h n o l o g y  d e v e l o p m e n t  r e l a t e  
t o  t h e  i m p a c t  o f  w e l l  cost  o n  h u s b a r  e n e r g y  c o s t  arid t o  the 
c f f  e c t i . v e n e s s  o f  t e c h n o l o g i c a l  improvemen t s  j.11 r e d u c j - n g  1 2 7 e l l  

costs .  

F i g u r e  2 indicates t h e  s e n s i t i v i t y  o f  busbar e r , e rgy  c o s t s  t o  
well c o s t  and reservoi r  t e m p e r a t u r c . 2  Assuming a base c o s t  
o f  $ 5 0 0 , 0 0 0  F e r  well, a 4 0 8  r e d u c t i o n  i n  well c o s t ,  f o r  esample ,  
would r e s u l t  i n  a decrear , i :  i n  b u s b a r  e n e r g y  c o s t  of fro:n 1 5  t o  
2 3 8 ,  d e p e n d i n g  on r e se rv .5 , -  ;: t e m p e r a t u r e .  S i n c e  g e o t h e r m a l  
p o w e r - o n - l i n e  i s  s e n s i t i v t l l  t o  b u s b a r  e n e r g y  c o s t ,  r e d u c t i o n s  i n  
well c o s t  have  t h e  p o t e n t i a l  for s i g n i f i c a n t l y  a c c e l e r a t i n g  t h e  
u t i l i z a t i o n  o f  geothermal e n e r g y .  T h e r e f o r e ,  j . t  i s  i m p o r t a n t  
t o  c o n s i d e r  the  r G l e  o f  t echno lGgy  d e v e l o p m e n t  i n  r e d u c i n g  well 
cos t .  

P r e s e n t  D i f f i c u l t i e s  -- i n  D r i l l i n g  -- 

T h e  h i g h  cos t  a s s o c i a t e d  w i t h  g e o t h e r m a l  wells i s  d u e  i n  p a r t  t o  
a niimher of d e f  i c i c n c i e s  i n  g e o t h e r m a l  d r i l l i n g  a n d  c o m p l e t i o n  
t e c h n o l o g y .  T h e s e  d e f i c i e n c i e s  a r e  a t t r i b u t a b l  e t o  t e m p e r a t u r e  
f o r m a t i o n ,  and  c o r r o s i o n  and  e r o s i o n  e f f e c t s  w h i c h  a r e  f o u n d  
u n i q u e l y  o r  p r i m a r i l y  i n  g e o t h e r m a l  e n v i r o n m e n t s .  

T e m p e r a t u r e  E f f e c t s  -- The h i g h  t e m p e r a t u r e  e n v i r o n m e n t  
e n c o u n t e r e d  i n  g e o t h e r m a l  we1 Is p r o d u c e s  ; i d v e r s e  e f f e c t s  on 
d r i l l i n g  f l u i d s  I c a s i n g  and  cement  I bits I a n d  e las tomer ic  
mater j -a ls .  

Dr i 1 1 i ncj -- f 1. LI id- re 1. at e d d i f f i c u 1 ti e s f o riti the s i II g 1 e nio s t 
f r equen t1 .y  c i t e d  c a - t e g o r y  of g e o t h e r r n a l  d r i l l i n g  p r o b l e m s .  
c i r c u l a t i o n  i s  a p e v v a s t v e  d i f f i c u l t y  i n  t h e  geot!Ierma.I. f i e l d  
b e c a u s e  o f  t h e  hig1ii.y f r a c t u r e d  f o r m a t i o n s  i n  wh ich  g e o t h e r m a l  
r e s c u r c e s  a re  f o u n d .  F l u i d s  wh ich  r e m a i n  s t a l i l e  a t  high 
t e m p e r a t u r e  o f t e n  clo n o t  h a v e  a d e q u a t e  f i l t r a t i o n  c h a r a c t e r i s t j . c s  
f o r  c o n t r o l  o r  l o s t  c i r c u l a t i o n .  F u r t h e r m o r e  , c o n v e n t i o n ~ l  
muds t e n d  t o  g e l  when c i . r c u l . a t i o n  is s t o p p e d  f o r  t r i p p i n g ,  
l o g g i n g ,  and r u n n i n g  c a s i n g .  T h i s  can lead t o  i n d u c e d  p r o b l e m s  
s u c h  a s  s t u c k  too3.s and f a i l u r e s  of t h e  d r i l l  s t r i n g  f rom 
d j . f f e r c i i t j . a l  s t i c l ; j . n g .  Espen.si.ve p r o c e d u r e s  a r e  r e q u i r e d  t o  
correct  t h e s e  f l u i d - r e l a t e d  f a i l u r e s .  

L o s t  

l)ri l l i n c j  t1u.i ds can a1 so a f f c c t  t h e  q u a l - i t y  of t h e  ccment  i nq jol) ,  
s incc  t h c y  tcrid to c o n t s m i n c i t c  thc cciucnt , and muds t h a t  hnvc 



g e l l e d  a n d  t l l i c k e n e d  l e a v e  e x c e s s i v e  f i l t e r  c a k e  on t h e  c a s i n g  
and f o r m a t i o n .  T h i s  f i l t e r  c a k e  j . n h i h i t s  good cemen t  b o n d i n g  . 
A l s o ,  a t h i c k e n e d  mud can" c a u s e  t~he c e m e n t  t o  c h a n n e l  b e h i n d  
t h e  c a s i n g  a n d  c a n  r e s u l t  i n  l a r y e  uncemented  r e g i o n s .  These 
r e g i o n s  can f i l l  w i t h  water which  c a n  v a p o r i z e  a t  g e o t h e r m a l  
t e m p e r a t u r e s .  
f o r  c a u s i n g  c o l - l a p s e  of t h e  c a s i n g .  

The p r e s s u r e s  w h i c h  b u i l d  u p  h a v e  the p o t e n t i a l  

A C u r t h e r  p r o b l e m  r e s u l t s  f rom u n c e r t a i n t y  i.n d e t e r m i n i n g  t h e  
t e m p e r a t u r e  prof i l c l  of t h e  wel l .  G e o t h e r m a l  c e m e n t s  m u s t  b e  
f o r m u l a t e d  w i t h  t h e  p r o p e r  amount of r e t a r d a n t s .  I n c o r r c c t  
m i x t u r e s  w i l l  f a i l  t o  set up p r o p e r l y  a n d  may l e a d  t o  e x p e n s i v e  
remedi  a1 cemen t :  ng ("perf and  s q u e e z e " )  . Such o p e r a t i o n s  a r e  
e x p e n s i v e  i n  t h e m s e l v e s  a n d  a l s o  i n c r e a s e  n o n - r o t a t i n g  r i g  
cos t s .  

T h e  p r e d o m i n a n t  mode of b i t  f a i l u r e  i n  g e o t h e r m a l  we3-1.s i s  
t h r o u g h  b e a r i n g  f a i i u r e .  U n s e a l e d  b e a r i n g s  a r e  n o r m a l l y  u s e d  
b e c a u s e  e l a s t o m e r i c  s e a l s  w i l l .  n o t  s u r v i v e  t h e  h i q h  t e m p e r a -  
tures e n c o u n t e r e d .  
o n l y  by t h e  d r i l l i n g  f l u i d .  High downhole  t e m p e r a t u r e  a n d  
i n c r e a s e d  f r i c t i o n  c a u s e  t h c i s e  c r i t i c a l  p a r t s  t o  e x p e r i e n c e  
much h i g h e r  t e m p e r a t u r e s  t h a n  the main  b i t  body .  
of b i t s  used a t  t h e  G e y s e r s  , where  forrnat i .on t e r n - p e r a t u r e s  a r e  
about .  2 4 O o C ,  h a s  shown t h a t  t e n F e r a t u r e s  up t o  5 4 0 ° C  a r e  
e x p e r i e n c e d  a t  t h e  f r i c t i o n  p i n ,  a n d  t h a t  s i g n i f i c a n t  sof ten i .ng  
of t h e  steel o c c u r s  a t  260-316OC. The h i g h  t e m p e r a t u r e  a n d  
r e s u l t a n t  s o f t e n i n g  of t h e  b e a r i n g  s u r f a c e s  r e d u c e s  b i t  l i f e  a t  
t h e  G e y s e r s  t o  1/4-1/5 normal. Costs a r e  i n c r e a s e d  1317 t h e  n e e d  
f o r  more b i t s ,  t h e  g r e a t e r  number of r o u n d  t r i p s  r e q u i r e d ,  
and  r e d u c e d  p e n e t r a t i o n  r a t e s  w h i l e  d r i l l i n g .  

T h e  b e a r j - n g s  a n d  races a r e  l u b r i c a t e d  

E x a m i n a t i o n G  

C u r l - e n t l y  , t h e  best a v a i l a b l e  e l a s t o m e r s  fall a t  t e m p e r a t u r e s  
of 175-225OC d e p e n d i n g  upon use and  e n ~ j . ~ : o n i ~ e n t .  These m a t e r i a l s  
cease t o  be e l a s t o m e r i c  when s u b j e c t e d  t o  hi.cjh t e m p e r a t u r e s  a n d  
pressures,  and t h u s  t1iei . r  value in geothe i rmal  a p p 1 . i c a t i o 1 - 1 ~  i s  
l i m ~ . t . e d .  C 'nfor tunatel l l  e l a s t o n e r s  a r e  i m p o r t a n t  t o  v i r t . uz l l . \ .  
every a s p e c t  of d r i l l i n g .  C u r r e n t  d e s i g n s  of rock b i t s  I doimho1.c 
motors , blowout-. preventers pac?:ers I and l o y g i n g  too1.s all 
c o n t a i n  elastomers. >lost of t.1iri.s e q u i p m e n t  ei . ther cannot b e  
u s e d  or can be used  on1 1' w i t h  f r e q u e n t ,  cos t1 .y  j .nspc:ction , r e p t i i ~ :  , 
a n d  s p e c i a l  p r o c e d ~ r e s  . 
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E r o s i o n  a n d  Corrosion I_____-- E f f e c t s  -- A i . r  is a n  a t t r a c t i v e  f l u i d  f o r  
i l r i l l i n g  j.nto comi!c ten t  r c s c r v o i r s  b e c a u s e  it w i 1 . 1  n o t  clarnage 
t h e  f o r m a t i o n s  and  g c : n c r a l l y  i m p r o v e s  r a t e  of: p e n e t r a t i o n .  
Ilowevcr , a i r  d r i l l i . n y  c a u s e s  r a p i d  e ros ion  of downho le  e q u i p m e n t .  
A t  t h e  G e y s e r s  , where  t h e  d r i l l .  s t r i n g  i s  f r equen t1 .y  j . n s p e c t e d  
a n d  h a r d b a n d e d  and where  a s p e c i a l  a n t i - e r o s i o n  a d d i t i v e  i s  
u s e d  i n  t h e  a i r  s t r e a m ,  i t  i s  s t i l l  n e c e s s a r y  t o  j u n k  o n e  f o o t  
o f  d r i l l  p i p e  f o r  e a c h  s e v e n  f e e t  of hole.* T h e s e  procedures 
r e q u i r e  ex t r a  s e r v i c e s  a n d  a d d i t i o n a l .  t r a i n i n g  for the  r i g  
crew, a n d  t h e  h i g h  d i s c a r d  rate f o r  p i p e  r e q u j . r e s  a d v a n c e  
p l a n n i n g  t o  i n s u r e  a d e q u a t e  s u p p l i . e s  of r e p l a c e m e n t s .  

- 

7 

C o m p l e t i o n  p r o b l e m s  c a n  a r i s e  f o r  t h o s e  wells w h i c h  p r o d u c e  
wet stream b e c a u s e  it ci?n erode c a s i n g  a s  t h e  h i g h  s p e e d  f l u i d  
s t r i p s  water f i l m  f r G r i i  t:isn+ c a s i r i y  s u r i s c e .  H i g h e r  quality 
c a s i n g  w i t h  f l u s h  j o i n t s  :t:ust b e  u s e d  t o  r e d u c e  t h e  p r o b l e m .  

When h o t ,  a c i d i c  b r i n e s  o r  H 2 S  a r e  p r e s e n t ,  downho le .  e q u i p m e n t  
is s u b j e c t  t o  e m b r i t t l e m e n t  a n d  c o r r o s i o n .  T h e s e  c o n d i . t i o n s  
also r e q u i r e  s p e c i a l .  p r o c e d u r e s  a n d  t r a i n i n g  f o r  t h e  crews. 
Als.3, more e x p e n s i v e ,  c o r r o s i o n  r e s i s t a n t  m a t - e r i a l s  a r e  u s e d ,  
and  add i t i -ves  may be r e q u i r e d  i n  t h e  d r i l l i f i g  f l u i d  t o  h e l p  
c o n t r o l  c o r r o s i o n .  

G e o t h e r m a l  Well T e c h n o l o g v  Development  P rogram 

I n  v i ew of t h e  e x i s t i n g  t e c h n o l o g i c a l  d i f f i c u l t i e s  a s s o c i a t e d  
w i t h  d r i l l i n g  and  c o m p l e t i n g  g e o t h e r m a l  wells, DOE/DGE h a s  
i n j - t i a t e d  a p rogram d i r e c t e d  a t  d e v e l o p i n g  a n d  cornrnercia . l l iz ing 
the t e c h n o l o g y  r e q u i r e d  t o  r e d u c e  t h e  cos t  o f  g e o t h e r n i a l  w e l l s .  
An a n a l y s i s  of e x i s t i n g  g e o t h e r m a l  we11 cos t  data i n d i c a t e s  t h a t  . 

t e c h n o l o g i c a l  d e v e l o p m e n t s  s u c h  as  h i g h e r  p e n e t r a t i o n  r a t e  , 
l @ n g ? r  1j.fe r o c k  lx-ts; h i g h  t e m p e r a t u r e  d r i l l i n g  f 1.uicliS ; improved 
comple t j . on  t e c h n i q u e s  ; a n d  improved  d i . r e c t i o n s 1  d r i l l i n q  t e c h n i . q u e s  
have the p o t e n t i a l  f o r  reducing t h e  cost o f  geo the rma l .  \.?ells 
dr i l l . ed  with c o n v e n t i o n a l  r o t a r ~ 7  t e c h n o l o g y  by ai7pi-os.i.m;i-l:cl). 25': . 
Cost r c d u c t i o n s  i n  excess cr' 25:, will r e q u i r e  the use of nev 
d r i l l i n g  t e c h n i q u e s .  ~ e s e a r c l i  i.n novel. d r i l l i n g  t e c 1 1 n i . c ~ u e s  i s  
p r e s e n t l y  mc?erway , and  the s u c c e s s f u l  i m p l e m e n t a t i o n  of t h e s e  
new t e c l i n i q u c ? ~  cou.:Lcl p o s s i b l y  r e d u c e  well c o s t s  by as  much as 
5 @ % .  Based  on 'these facts, c o s t  r e h u c t i o n  goa1.s of 256 b y  1382  
a n d  50% by 1986 have b e e n  s e t  for t h e  L70E/DGE, G~othe1-111a.1 Well 
Tc  c h i 1  0 1 o 9 y 1' IO g r n 111 . 
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i n q  tcchnoloyy R & D  e f f o r t s  clur.incj 1 3 7 8  a r e  c e n t e r e d  on  _ _  
t h r c e  major arcas : h i g h  t e m p e r a t u r e  clownhole motors , h i g h  
p e r f o r m a n c e  rock  b i t s  , a n d  h i g h  t e m p e r a t u r e  d r i l l i n g  f l u i d s .  
Cornple t ion  t c c h n o l o g y  e f f o r t s  e m p h a s i z e  s a n d  c o n t r o l  m e t h o d s  i n  
geo p r e  s s u r  e d  f o r m a t  j: on s a n d  a n a  1. y sc s o f re i n  j e c t i o n  we 1.1 p1 u y g j. n CJ 
p r o b l e m s  i n  a l l  r e s e r v o i r s .  

B e a r i n q s  and  Sea1.s --  S a n d i a  j.:; p r e s e n t l y  f u n d i n g  w o r k  a t  
T e r r a  T e k  ili-rected. a t  t h e  d e v e l o p m e n t  o f  h i T h  t e m p e r a t u r e  
b e a r i n g s ,  seals, a n d  l u b r i c a n t s  f o r  u s e  i n  b i t s  a n d  doernhole  
motors. Under p r e v j - o u s  DOE f u n d i n g ,  a seal. t e s t e r  h a s  b e e n  
d e v e l o p e d  a n d  i s  a v a i i n b l e  f o r  g e n e r a i  u s e .  T e m p e r a t u r e s  a n d  
p r e s s u r e s  r e p r e s e n t a t i v e  o f  g e o t h e r m a l  well b o r e h o l e  c o n d i t i o n s  
c a n  be s i m u l a t e d  i n  this t e s t e r .  I n  a d d i t i o n ,  a t w e n t y - f i v e -  
f o o t - l o n g  h o r e h o l e  si m.[ilai:oi- suitable f ~ r  t e s t i n g  the b e a r i n g .  
a n d  seal p a c k a g e  f o r  a g e o t h e r m a l  downhole  motor h a s  been  
c o n s t r u c t e d .  E x t e n s i o n  o f  t h i s  s i m u l a t o r  t o  a l low f u l l  s ca l e  
motor t e s t i n g  i s  underway.  

B i t  Development  -- -- B i t  d e v e l o p m e n t  i n c l u d e s  i n v e s t i g a t i o n  o f  
sealed and  unsea l - ed  geot.hermal b i t s  a t  T e r r a  T e k ,  of water jet 
e r o s i o n  d r i l l i n g  a t  the  Ui l i \Ters i ty  of M i s s o u r i ,  of c a v i t a t i o n  
a s s i s t e d  diamond b i t s  at H y d r o n a u t i c s ,  of S t r a t a p a x R  bi ts  a t  
G e n e r a l  E l e c t r i c  , a n d  o f  t h e  c o n t i n u o u s  c h a i n ,  Uoh7nhole 
r e p l a c e a b l e  b i t  a t  S a n d i a .  T h e s e  e f f o r t s  are d i r e c t e d  a t  
i n c r e a s i n g  p e n e t r a t i o n  rate and b i t  lif? i n  t h e  g z o t h c r m a l  
e n v i r o n m e n t .  

-I__J__- D r i l l i n 0  F1uj.d De\7eloument --b-- -- The d e v e l o p m e n t  of h i g h  t e m p e r a t u r e  
d r i l l i n g  f l u i d s  i s  of c r i t i c a i  i m p o r t a n c e  t o  a c h i e v i n g  t h e  
cos t  r e d u c t i o n  g o a l s  o f  t h i s  p rogram.  p r i m a r y  c o n c e r n  a r e  
p r o b l e m s  w i t h  l o s t  c i r c u l a t i o n ,  we l l  c o n t r o l  , and f o r i n a t i o r !  
damage. F l u i d  p r o b l e i ~ ~ s  v a r y  w i t h  t h e  type of g e o t h e r m a l  
r e s e r v o i r ,  e . g .  , l i q u i d  V S .  v a p o r  d o m i n a t e d ,  a n d  a r a n g e  of 
f l u i d s  m u s t  be de17el.oped, and  a ranye o f  f l u i d s  m u s t  b e  d e v e l o p e d  
t o  satisfy t-he different c i r i l l i n g  requi-reinents . 
R e s e a r c h  i n  1ii.gh t e m p e r a t u r e  d r i l l i n g  f l u i d s  i s  u n c l e x i ~ ~ a y  under 
DOE f u n d i n g  at hlaurer E n g i n e e r i n g  , Uaroicl I and t h e  Unj.versj.t.lr 
of Oklahoma.  Maurer h a s  perfol-Ii1ed 1ii.g-h t e m p e r a t u r e  laboratory 
t es t s  o f CO~IIIW 1: c.ia 1 % y  ava i 1 ab]. c-? nnid s , and i s p r c  se;it I. 1' in vo 1 \re(? 
i n  a s t u d y  of h i g h  t-.eiiiperature d r i l . l i n g  Eoiins . B a r o i d  h a s  
e n t e r e d  a c o s t  s1-1ar i .n~~ c o n t r a c t  wi.i:h I>OE/DGE t o  d e s i g n  I f ab]-i- 
c a t e ,  and t e s t  a 7 0 0 " F ,  2 0 , 0 0 0  psi inud f l o w  loop  t o  t e s t  
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rheolocjy , f i 7. t r a t i o n  , d e n s i t y ,  and cor ros ion  c h a r a c t e r i s t i c s  
of rn t ic l s  a t  t c n i p e r a t u r e  a n d  p r e s s u r e .  The U n i v e r s i t y  of 
Oklahoma i s  u s i n g  a m o d i f i e d  M a g c o h r  mud f l o w  loop f o r  t e s t i n g  
muds t o  4 0 0 ' ~ .  

A d d i t i o n a l  work w i l l  h e  f u n d e d  b o t h  a t  u n i v e r s i t i e s  a n d  i n  
p r i v a t e  i n d u s t r y .  :Cn g e n e r a l  , c o m p e t i t i v e  s o l . i c j . t a t i o n s  w i l l  
he o f f e r e d  t o  i n v o l v e  as many p a r t i - c i p a n t s  a s  possih1.e. I t  
i s  r e c o g n i z e d  t h a t  t h e  q u e s t i o n  of p a t e n t  r i c j h t s  i s  a m a j o r  
impediment  t o  actj-ve i n d u s t r i a l  p a r t i c i p a t i o n  i n  t h e  DOE/Sandj.a 
t e c h n o l o g y  devel.opment p r o g r a m .  I n d u s t r y  i s  r e l u c t a n t  t o  
accept  Go\rernrne!i+- f u n d s  f o r  development  work i f  t h e i r  coi .npet i . t ive 
p o s i t i o n  m i g h t  be j e o p a r d i z e d  by pub1i .c  d i s c l o s u r e  o f  r e s e a r c h  
r e s u 1 . t ~ .  I n  some cases ,  i . t  may he n e c e s s a r y  t o  g r a n t  e x c l u s i v e  
p a t e n t  r i q h t s  t o  p a r t i c ;  ; > L i n g -  c o m p a n i e s .  
m e n t s  w h i c h  allow p r i v a i . ,  - n d u s t r y  t o  p a r t i c i p a t e  i n  j o i n t  r e s e a r c h  

C G n t r a c t u a l  a r r a n g e -  
,& i 

programs  w h i l e  n o t -  comproi:,ising t h e i r  c o m p e t i t i v e  p o s i t i o n  w i l l  
be s o u g h t .  T h i s  s t r a t e g y  i s  n e c e s s a r y  t o  e n c o u r a g e  c o m m e r c i a l i z a -  
t i o n  of ne\; technology. 
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